Riassunto: Dagli anni '70 del XX secolo, il bacino di Ged Deeble (GD) è stato sfruttato per fornire acqua alla città di Hargeisa (Somalia nordoccidentale, Africa orientale, 350000 abitanti). Scopo di questo lavoro è migliorare la comprensione dei meccanismi di ricarica di questo bacino, attraverso la simulazione della circolazione idrica sotterranea, per valutare la sostenibilità degli schemi di sfruttamento attuali e future, che mirano a soddisfare la richiesta di acqua della città di Hargeisha. Per questo obiettivo, i risultati delle attività di esplorazione geologica e idrogeologica svolte in passato sono state utilizzate per ricostrui- Parole chiave: risorse idriche, acque sotterranee, regioni aride, ricarica degli acquiferi, modellistica matematica. re l'inquadramento geologico, la forma del bacino, i meccanismi di ricarica e per definire il modello concettuale. Il modello matematico YAGMod, che simula la circolazione idrica sotterranea in condizioni stazionarie e per termini di sorgente e condizioni al contorno che dipendano dall'altezza idraulica, è stato applicato per quantificare i termini del bilancio idrogeologico. Diversi scenari di sfruttamento, accompagnati da una analisi di sensibilità, sono stati esaminati per verificare se la futura richiesta idrica della città possa essere soddisfatta e per fornire indicazioni sull'uso del suolo e la gestione delle risorse idriche.
Introduction
The city of Hargeisa is located in Somaliland (East Africa, Figure 1 ) and its population in 2005 was estimated to be about 350,000 people. According to some population projections carried out by UN Agencies, the number of inhabitants of Hargeisa in 2015 might reach 700,000 persons, with a water need of about 40,000 m 3 /day. Nowadays, the water demand of the city is satisfied by a well field, drilled during the 1970s and 1980s, by a Chinese cooperation, located approximately 30 km North of Hargeisa and by a water transmission pipeline with average discharge of 12,000 m 3 / day, from the well field to the town. More recently, from July 2003 to February 2007, the European Commission supported the project "Rehabilitation and Improvement of the Hargeisa Urban Water Supply System" (Project Number: 9 ACP SO 3/41). The provision of safe, clean and affordable water in the urban centre of Hargeisa is currently undertaken through a semiautonomous, self-accounting, public enterprise, the Hargeisa Water Agency (HWA).
The well field is located in the Ged-Deeble (GD) basin, which extends over a surface of about 25 km 2 . The conceptual model of this basin can be reconstructed thanks to the data that were collected during several geological, geophysical and hydrogeological campaigns and field surveys and are published in reports available on request from international organizations. These data sets show that the GD basin consists of sediments which were deposited in a lacustrine and fluvial environment and filled a structure created by the tectonic evolution of Precambrian crystalline rocks. The data permit to reconstruct a simple conceptual model of the hydrogeological system, which is described in the next section.
In order to assess the present-day groundwater balance and to predict whether the future water demand of the city could be satisfied, a mathematical model of the GD hydrogeological basin was developed, using the original code YAGMod (Cattaneo et al. 2012a (Cattaneo et al. , 2012b . The model evidenced the importance of terms related to sources that should be activated by the drawdown of the water head due to the intense pumping and allowed to simulate these head-dependent source terms and boundary conditions. The goals of this paper are to discuss the characteristics of the model, to perform a sensitivity analysis, in order to assess the uncertainty on the model outcomes, related to the uncertainty of the input parameters, and finally to provide some forecasts for different exploitation scenarios. These are the steps that are necessary before applying the results of this study to support the future planning of land use and management of water resources within the paradigm of sustainable development.
The Conceptual Model
The field data used for this study were mainly collected by some hydrogeologists (B. Petrucci, M. Todeschini and D. Buggiani), during several field campaigns coordinated by the Africa '70 NGO (non-governmental organization). Within an EU project, some exploration activities were performed from 2003 to 2007, including: a geological study, based on field survey and stratigraphic logs of 12 wells, a geoelectrical campaign with vertical electrical soundings (VES), pumping tests for 8 of the 12 active wells, a continuous monitoring activity prolonged for two years (monthly water production for 12 active wells; monthly rainfall; monthly water levels and electrical conductivity for the 12 wells for withdrawal of water for drinkable purposes, 5 shallow wells and 3 private wells; Buggiani & Petrucci, 2007) . The reports containing these data and the GIS projects are available to the public only by request from the Somaliland Ministry of Water and Natural Resources and the EC delegation in Nairobi.
The GD basin has an extension of about 25 km 2 . The aquifer consists of unconsolidated sediments deposited in lacustrine or fluvial environments and is bounded by a Precambrian crystalline bedrock. From a structural point of view, the basin is the result of the intense tectonic activity that originated the Gulf of Aden rift: it probably formed by two major tectonic trenches, East-West oriented, connected by a long fracture with North-South alignment. The GD basin is crossed by two seasonal wadies: Tog Ged-Deeble and Tog Kalqoray (see Figure 1) . A wide outlet was found at the North-East edge which connects the GD basin to the LaasDhuurre-Damal (LDD) basin, whose extension is about 155 km 2 (see Figure 2 ). Two South-North and West-East hydrogeological sections, see Figures 3 and 4 , show that the aquifer system consists of a sequence of sedimentary bodies with different hydraulic conductivities. They lie above the crystalline basement and are covered by a low conductivity layer which is continuous throughout the whole basin, with the exception of some areas close to the wadies, where it was eroded and coarse grained materials were successively deposited.
The crystalline basement can be assumed to be impermeable, as a first hypothesis, because direct evidence of the presence of water flow in the fractured basement in the subsurface is lacking. However, the intense tectonic activity that controlled the geological evolution of this basin might have altered the bedrock and produced fractures. The elevation of the bedrock top above the mean sea level has been obtained by interpolating, with the kriging method, not only the data from well stratigraphic logs but also the ground level where the crystalline basement outcrops. The result is shown in Figure 5 . The crystalline bedrock extensively outcrops along the eastern border of the study area and delimits the southern and northern borders of the alluvial filling. A large body of crystalline rocks outcrops also along the eastern border of the GD basin and separate the GD from the LDD basin; such a body extends toward South-West, with small and isolated local outcrops.
The presence of a widespread ground cover of fine-grained low-conductivity sediments and the fact that the water head in the wells is always higher than the level of the bottom of these sediments (Figures 3 and 4) , permits to consider the aquifer system as confined.
The thickness of the permeable sediments of the aquifer is known only in correspondence of the wells for which the lithological logs are available. From these data, the thickness of the permeable sediments has been computed for each well and has been plotted versus the depth of the bedrock below the ground surface at the corresponding well. The data show a very good linear fit of S p vs. D b , as evidenced in Figure 6 , with the exception of well W08, which was not included in the linear regression. Then the following equation can be applied: Fig. 6 -Confronto tra lo spessore dei sedimenti permeabili perforati con i pozzi e la profondità del substrato sotto la superficie topografica. S p =aD b -S c , where S p is the thickness of permeable sediments, D b is the depth of the bedrock below the ground surface, S c is the thickness of the low-conductivity fine-grained-sediment cover, and a is a dimensionless fitting parameter. The linear trend of S p vs. D b , shown by the litho-stratigraphic log data, is interpreted as a proof that the sediments filled the space opened by the tectonic activity with a succession of fine-and medium-to-coarse-grained materials, which is laterally heterogeneous but with the same rate of alternation between fine-and medium-to-coarse-grained sediments throughout the whole basin. Moreover, on the top of this complex sequence the widespread cover of fine-grained sediments is estimated to have a thickness, S c , of about 13 m, according to the linear regression shown in Figure 6 . This value is in agreement with the hydrogeological scheme shown by the cross sections of Figures 3 and 4 .
The main mechanisms of aquifer recharge are (1) the infiltration of rain water through the soil and the unsaturated zone and (2) the water percolation in correspondence of the wadies. The coverage of fine-grained material strongly limits the infiltration of rainfall through the soil, whereas the infiltration of water along the wadies courses could be more important, because they could have eroded the shallow impermeable materials and deposited permeable coarse-grained sediments during their recurrent floods.
The groundwater head field before water production was reconstructed from the data that have been collected in 1982 by the Chinese cooperation and that correspond to the undisturbed situation under natural condition. The data are not evenly distributed in the area, but are mostly aligned along two lines. Nevertheless, the contour map obtained by kriging ( Figure 7) honours not only the measured values, but also, with sufficient accuracy, the no-flow condition along the outcropping basement.
The period chosen for model calibration is the year 2005, because the quality of collected data was the best and a complete data set is available. Therefore the reference piezometric head for 2005 is obtained by averaging the head data measured during 2005 for each well and other 13 water points, that correspond to relatively shallow private wells, and by the successive spatial interpolation with kriging ( Figure 8 ). The position of the additional water points is shown by the orange diamonds in Figure 9 : most of them are located outside the GD basin and therefore they are not represented in Figure 8 .
The comparison between Figures 7 and 8 shows that under natural conditions, the GD basin was probably feeding the eastern LDD basin, whereas, after the intense aquifer exploitation which started in the 1980s, it has been draining water from it.
It should be stressed that the strong hydraulic gradient between wells W07 and W09, especially under natural conditions (Figure 7 ), is not justified by any geometrical feature of the aquifer, like, e.g., a reduction of its lateral width or of the thickness of permeable sediments, but has to be interpreted as the presence of a low conductivity zone.
As the hydraulic gradient did not change significantly after the aquifer exploitation in the southern part, it is necessary to assume that the recharge is not limited to rain and wadies infiltration and, moreover, that it varies with time, in response to the water abstraction. In particular, it is important to notice that wells W03, W04 and W08, located in the southern part of the aquifer, are screened in shallow sediments, near the crystalline bedrock and quite close to the course of Tog Ged-Deeble wadi. Therefore it is expected that the drawdown of the piezometric head produced by these wells causes an increase of the wadi losses and of the leakage through shallow less permeable sediments or probably originated from an underground fracture-fault network. In fact, this is one of the areas where the crystalline bedrock is expected to be mostly altered, as an effect of the intense tectonic activity which produced a family of West-East oriented faults, i.e., perpendicular to the main set of normal faults related to the regional distensive regime. The presence of minor wadies flowing along the East-West direction is well correlated with these structures. From the hydrogeological point of view, if the water head in the aquifer system is relatively high, as it happens under natural undisturbed conditions, the aquifer and the fractures could be at equilibrium. The realization of pumping wells caused a drawdown of the aquifer water head, so that inflow from the fractured rocks could increase. If such a recharging mechanism were not active, it would be difficult to explain the fact that the hydraulic gradient, and therefore the subsurface water discharge towards the north of the basin, did not significantly change after the realization of the pumping wells. In fact, in absence of an additional source term, the expected lowering of the water head and the corresponding aquifer depletion should be greater than those observed. In order to simulate this process, when the wells are active, local variable recharge sources were introduced for these areas.
In the downstream (northern) region, additional water comes from inversion of the exchange flux with the LDD basin, which is flowing out towards the LDD basin, as observed from the water head map under natural conditions (Figure 7) , whereas it becomes inflowing to the GD basin when water abstraction in the GD basin is intense (Figure 8) .
The spatial distribution of the different types of water exchange mechanisms and boundary conditions is shown in Figure 9 . With regard to the boundary conditions, the following choices have been taken on the basis of the available data. No flow conditions were prescribed along the border in correspondence of the crystalline bedrock. The Tog Kalqoray out- Fig. 9 -Ubicazione dei termini di sorgente nel bacino Ged-Deeble: condizioni al contorno di Robin (punti arancio); dreno (punto verde); termini di sorgente locali variabili, come fratture o filtrazione (rosa e rosso -sorgenti principali; marrone -sorgenti secondarie); wadi (punti blu e turchesi); pozzi di prelievo (triangoli neri). I rombi gialli rappresentano l'ubicazione dei punti aggiuntivi utilizzati per l'interpolazione della piezometria di riferimento per l'anno 2005. Fig. 9 let of the basin, to the North, has been modelled as a drain. The South-East connection between the GD and the LDD basin is considered as a no flow border, because this region is quite narrow and the aquifer thickness is small, less than 15 m. Finally, the most complex portion of the boundary is the North-East edge. This is not a physical boundary, where groundwater head and flow are independent of the groundwater dynamics inside the GD hydrogeological basin, but rather this is the region of groundwater exchange between the GD and the LDD basins. Such a subsurface exchange has been shown to be variable according to the exploitation of the GD aquifer system. Therefore, a Robin boundary condition is assigned, to link the groundwater flow with the head difference between this area and the LDD basin.
The Numerical Model
The numerical model has been built up using the original code YAGMod (Cattaneo et al. 2012a (Cattaneo et al. , 2012b . This code, developed in FORTRAN90, solves the 2D or 3D hydraulic forward problem. The numerical solution of the steady-state balance equation in porous media, which describes the 2D or 3D groundwater flow, is found using the finite difference method with a conservative scheme (Bear 1972 , de Marsily 1986 , Anderson & Woessner 1992 .
The level of knowledge of the hydrostratigraphic structure of the site does not permit to identify a 3D hydrostratigraphic scheme and therefore a numerical model of 3D ground water flow could not be developed in a reliable way. For that reason, the aquifer system has been modelled as an equivalent singlelayer aquifer with 2D pseudo-stationary flow, i.e., the physical conditions that represent the average flow over a period longer than an hydrological cycle (Bear 1972 , Vassena et al 2011 . The domain has been divided into squared cells of 1 ha. The choice of the spacing of the model grid is coherent with the basin extension, its geometry, the data areal density and the goals of the model. In particular, a value of 100 m for the grid spacing has been assumed to be useful, in order to catch some of the features that could be induced by the complex geometry of the border, even if it is much smaller than the distance between measurement points.
The hydraulic head of each node (centre of a cell) is considered as a point value. The hydraulic conductivity varies spatially and the values assigned to each node should be considered as effective parameters of the corresponding cell.
YAGMod permits to simulate variable sources and sinks, named Local Source Terms, like draining systems, river/aquifer interactions and recharging fractures, with a more general formulation than that used in other software packages. They are modelled with the following equation:
( 1) where F (loc) (m 3 /s) is the local contribution of the individual source or sink, which depends on the hydraulic head in the cell h (m); K 1 and K 2 are the conductances (m 2 /s), Q 1 and Q 2 are fixed fluxes into or out of the cell (m 3 /s), H act and H calc are reference head values (m). In particular, H act is a threshold which controls the activation of a source/sink or determines which couple of parameters, namely either (Q 1 ,K 1 ) or (Q 2 ,K 2 ), should be used for the computation of the discharge. On the other hand, the source/sink discharge is given by the sum of a fixed flux (Q 1 or Q 2 ) and of a term that linearly depends on h and which is computed by using the H calc value. Local Source Terms, described by equation (1), were used to model: (a) the Robin boundary conditions at the North-East edge connection with the LDD Basin; (b) the outflow through the drain outlet at North; (c) the inflow from deep fractures located near the crystalline rocky outcrop or due to wadies losses or leakage.
For the Robin boundary conditions, two different conductance values are assigned for inflow and outflow. This permits to take into account the differences in the basin geometry, namely the fact that groundwater outflow toward the LDD basin, which is very large, should be "easier" than inflow in the GD basin, which is a closed and relatively small basin.
As was explained in the formulation of the conceptual model, the source terms listed under item (c) above, appear to be activated by the high drawdown caused by the four nearest wells (W08, W03, W04, W05). The model considers two types of fractures: (i) the principal fractures (pink and red dots of Figure 9 ), to which the values of conductances denoted by K_FR1 and K_FR2 are assigned, are located near some of the wells and their presence is mainly interpreted as related to wadies losses or leakage; (ii) the secondary fractures (brown dots of Figure 9 ), to which the conductance denoted by K_ FR3 is assigned, are located along the crystalline outcrop and they are interpreted as the effect of deep fractures through which an inflow occurs.
A small distributed recharge due to rain water infiltration in the plain and a recharge along the two main wadies crossing the study area, the Tog Ged-Deeble and the Tog Kalqoray, have been added as fixed source terms, i.e. independent of water head. The value of rain recharge is computed starting from annual rainfall data, whereas the recharge along the wadies courses has been fixed with the model calibration and is assumed to be independent from the exploitation situation.
Model Calibration and Forecasting
The model calibration aims at estimating the values of the physical parameters that permit a satisfactory fit between observation and model outcomes. In particular the calibration has been performed by adjusting a few parameters in such a way that the modelled water head was a satisfactory approximation of the reference water head for 2005 and that the model was able to reproduce the basic features of the expected behaviour of the aquifer system under natural undisturbed conditions. Some parameters have been kept fixed, as, first of all, the geometrical characteristics of the aquifer system. Then the wa- ter abstraction from the active wells was assigned on the basis of the available measurements (see Table 1 ). The yearly averaged water abstraction rate for 2005 amounts to 0.0874 m³/s (2.8·10 6 m³/y). The distributed aquifer recharge due to rain infiltration was assumed to be 5% of the annual rainfall (360 mm), so that a value of 4.57·10 -6 m³/s was assigned to each internal cell of the domain. These values are very small and yield a total recharge rate over the whole domain of about 1.2·10 6 m³/y. The total fixed recharge from wadies amounts to 0.0197 m 3 /s (6.2·10 5 m³/y). The drain of the outlet at the northern boundary was considered to have an hydraulic conductance of 4.0·10 -4 m²/s and a drainage threshold elevation which is 0.5 m below the observed river level.
From the hydrogeological point of view, the domain has been subdivided into five zones characterized by different hydraulic conductivity values (see Figure 10 and Table 2), with a low permeability structure in the central area (K5). Values of hydraulic conductivity have been assigned starting from those obtained from pumping tests (see Table 2 ). Then, these parameters have been varied with a trial-and-error procedure, because the data distribution and quality prevent from the application of an automatic calibration method. Since the results of a trial-and-error calibration are obviously non unique and subjective, they suffer from some uncertainties, which cannot be estimated with quantitative statistics. This is one of the region for which a quite comprehensive sensitivity analysis has been performed, as discussed in the next section.
The modelled water heads for natural conditions and for the year 2005 are represented in Figure 11 . The trend of the water head is well reproduced along a South-North profile, using data belonging to wells from W04 to SW04, see Figure 2 . In particular the strong hydraulic gradient between wells W07 and W09, which supports the existence of an "hydrogeologic barrier", that creates a separation between the southern and the northern portions, is clearly apparent, but the modelled gradient is slightly underestimated. Moreover, without the Tab. 2 -Valori di conducibilità idraulica (in m/s) assegnati alle zone disegnate con diversi colori in Figura 10 e dati relativi a prove di portata nelle aree corrispondenti. Figure 10 and results of pumping tests conducted in the corresponding areas. Table 2 for the values of K assigned to each zone.
Tab. 2 -Values of hydraulic conductivity (in m/s) assigned to the zones drawn with different colours in
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Fig. 10 -Plot of the subzones characterised by different values of hydraulic conductivity (K). See
hypothesis of a strong increase of the recharge in the southern part of basin, induced by water abstraction, it is very difficult to fit the field data. From a qualitative point of view this could mean that some of the wells are actually exploiting surface waters, through a complex interaction between the wadies, the fractures and the aquifer. After this calibration, different exploitation scenarios have been examined. From 2005 and 2010, the officially declared extraction rate increased from 6,000 m 3 /day up to 10,400 m 3 / day. On the basis of this remark, two further simulations have been run: the first one corresponds to the declared water abstractions for 2010 and the second one considers a scenario for which the water abstraction increased to 13,500 m 3 /day (Table 1) . The results, represented in Figure 13 , show that a dramatic drawdown occurs if water pumping increases: this is graphically shown in the maps of Figure 13 by the increased extension of the turquoise zone, which corresponds to a lowering of the water head, in the right map, which refers to the future hypothetical scenario. In other words, the water resources of the GD basin are not sufficient to sustain the current ground water abstraction and part of the pumped water comes from the eastern LDD basin. This is a warning against the possibility of increasing the long lasting abstraction rate in a sustainable way. 
Sensitivity Analysis
The calibration of the mathematical model was quite difficult for the uncertainties on the old data, so that the input model parameters could not be estimated with high precision and reliability and with an automatic inversion algorithm. Therefore, a sensitivity analysis (Saltelli et al. 2008, Hill and Tiedeman 2006) has been conducted for both data sets (years 2005 and 2010) . The procedure which has been applied for this study was originally proposed by Baratelli et al. (2012) and Giudici et al. (2012) for a complex non-linear model for the thermomechanical evolution of the Antarctic ice-sheet and it is applied also by De Filippis et al. (2012) to the model of a coastal fractured aquifer. Such a procedure aims at reducing the computational effort which is necessary for the Monte-Carlo approach to sensitivity analysis, which requires a large number of runs of the simulation model with different input values. See Ciriello et al. (2012) for an approach based on the model reduction with polynomial chaos expansion. The simplified procedure, which was proposed by Baratelli et al. (2012) and Giudici et al. (2012) and is applied in this paper, approximates the dependence of the model outcome on the input parameters with a second order expansion in a neighborhood of the calibrated reference values of the input parameters.
Ten input parameters (X) were considered: the hydraulic conductivities of the five subdomains (K1, K2, K3, K4, K5) shown in Figure 10 , the conductances for inflow and outflow at the Robin boundary conditions (Kin, Kout) and the conductances of the Local Source Terms, due to wadies losses or deep fractures (K_F1, K_F2, K_F3), which correspond to pink, red and brown dots, respectively, in Figure 9 .
The model outcomes (Y) considered in the sensitivity analysis are: the hydraulic head of single wells (from W03 to W12, SW04, BH7), average absolute and root mean square difference between modelled and observed head data (Aver_Abs_ dif, RMS_dif), modelled fluxes (outflow through the drain at North -Q_drain; inflow through fractures and wadies losses -Q_Fr1, Q_Fr2 and Q_Fr3; exchanges between the GD and LDD basins -Q_RC_in, Q_RC_out).
Two different sensitivity indicators have been calculated. The normalized sensitivity index The first-order sensitivity index is defined as:
(3) where E X-i [Y|X i ] is the expected value of the model outcome conditioned on the parameter X i and varX i is the variance with respect to X i . This index takes into account the total variability of the input parameters.
Expected values and variances of (2) and (3) have been com-puted with a second-order expansion of the Y(X 1 ,X 2 ,…,X N ) relationship around the reference value and by assuming a uniform distribution around such a value. The results are shown in Figures 14 and 15 : the normalized and the firstorder sensitivity indexes lead to the same conclusions. Hydraulic heads of single wells are principally affected by the variability of the conductivities of the subdomain, which they belong to. By looking to global effects on the modeled area, K3 and K5, the conductivity values of the region between W09 and W12, where the domain becomes narrow, affects all the considered model outcomes, although at a different degree. K_out, the conductance of outflow for the Robin boundary conditions at the border with the LDD basin, yields the highest values for the sensitivity indexes, in particular for the inflow and outflow fluxes across the boundary with the LDD basin (Q_RC_in and Q_RC_out), for the outflow through the drain (Q_drain) and for the recharge related to fractures and wadies losses (Q_FR1, Q_FR2 and Q_FR3). The results are quite similar for 2005 and 2010, even if the variation of the volume of water pumped in a year yielded different groundwater flow fields from 2005 to 2010; as a consequence, it is reasonable to suppose that the values of the sensitivity indexes are quite independent of the groundwater abstraction. 
Conclusions
The study of the GD hydrogeological basin showed that the aquifer recharge comes from several sources, which include rain infiltration through the soils and the poorly permeable shallow sediments and wadies losses. The development of the conceptual model and the calibration of the simulation model required also the hypothesis that other mechanisms are active to recharge the aquifer and that the corresponding fluxes depend on the water head. In particular, these sources are supposed to depend on the fracturing of the crystalline bedrock, which could permit inflow into the GD alluvial basin. Similar mechanisms of recharge were proposed for hydrogeological basins of Oman and Abu Dhabi (United Arab Emirates) by Osterkamp et al. (1995) .
Testing this hypothesis requires a better knowledge of the structural setup of the basin, in order to improve the estimate of the areas characterized by fractures in the crystalline basement and the potential flow paths. At the moment, the quantification of the fluxes through the fracture network was obtained from model calibration, but still remains quite uncertain. Moreover, the physical characteristics and the hydraulic behaviour of the fracture network is still debatable.
Another important mechanism of recharge is the percolation in areas along the wadies. A better estimation of these sources would require to improve the piezometric survey, with a more uniform spatial distribution throughout the whole basin and close to the wadies.
The sensitivity analysis shows that the model outcomes are most sensible to the conductivity values of the central region of the GD basin, where the domain becomes narrow, and to the conductance of outflow for the Robin boundary conditions at the North-East border with the LDD basin.
Despite the uncertainties related to the available data sets, the model developed with this work permits to raise some important conclusions from the point of view of the resource management. In fact, it appears that the GD basin alone cannot satisfy the future water demand of the city without a further, more dramatic aquifer depletion. The present-day exploitation scheme has changed the relationship between the GD and the LDD basins: in fact, under natural conditions, the GD basin fed the LDD basin, whereas the strong groundwater abstraction now withdraws water from the LDD basin. Therefore, different exploitation strategies should be planned to support the growth of the city water demand in a sustainable way, i.e., without depleting the GD basin: a possibility could be the shift of the production from the wells in the southern section to those located in the northern one or even to those drilled in the wide LDD basin.
